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DUOBINARY OPTICAL TRANSMISSION APPARATUS 

CLAIM OF PRIORITY 

This application claims priority to an application entitled "Duobinary optical 
5 transmission apparatus/' filed in the Korean Intellectual Property Office on April 3 0, 
2003 and assigned Serial No. 2003-27639, the contents of which are hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

10 

1 . Field of the Invention 

The present invention relates to a duobinary optical transmission apparatus 
using a duobinary optical transmission technique with Dense Wavelength Division 
Multiplexing. 

15 

2. Description of the Related Art 

In general, a DWDM (Dense Wavelength Division Multiplexing) optical 
transmission system has excellent c ommunication efficiency, s ince i t can transmit an 
optical signal having multiple channels with different wavelengths through a single 
20 optical fiber. Also, the DWDM system can transmit an optical signal regardless of its 
transmission speed. Accordingly, the DWDM systems are now widely used in ultra- 
high speed internet networks, the data traffic of which is on an increasing trend. 
Recently, systems, each of which can transmit more than a hundred channels through a 
single optical fiber, are using the DWDM technology. 
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Furthermore, various research is being actively conducted to develop a system 
which can transmit more than two hundred channels of 40 Gbps through a single optical 
fiber simultaneously, thus having a transmission speed of more than 10 Tbps. 

However, the enlargement of transmission capacity is restricted due to severe 
5 interference and distortion between channels if the channel distance is less than 50GHz 
when alight intensity is modulated using the conventional non-return-to-zero (NRZ) 
method, which is due to a rapid increase o f d ata traffic and a request for high-speed 
transmission of data of more than 40 Gbps. Transmission distance is restricted in high- 
speed transmission of more than 10 Gbps since a direct current (DC) frequency 
10 component of a conventional binary NRZ transmission signal and a high frequency 
component spread during modulation cause non-linearity and dispersion when the 
binary NRZ transmission signal propagates in an optical fiber medium. 

Recently, optical duobinary technology has been highlighted as an optical 
transmission technology capable of overcoming the restriction problems associated with 
15 transmission distance due to chromatic dispersion. A main advantage of the duobinary 
transmission is that the transmission spectrum is reduced in comparison to the general 
binary transmission. In a dispersion restriction system, a transmission distance is in 
inverse proportion to the square of the transmission spectrum bandwidth. This means 
that, when the transmission spectrum is reduced by 1/2, the transmission distance 
20 increases four times. Furthermore, since a carrier frequency is suppressed in a 
duobinary transmission spectrum, it is possible to relax the restriction of an optical 
power output caused by Brillouin scattering excited in the optical fiber. 

FIG. 1 illustrates an example of a structure of a conventional duobinary optical 
transmission apparatus, FIGs. 2A to 2C are eye diagrams of an output signal at nodes A, 
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B, and C in FIG. 1, and FIG 3 illustrates a conventional duobinary precoder. 

Referring to FIG 1, the conventional duobinary optical transmission apparatus 
includes a pulse pattern generator (PPG) 10, a precoder 20, low pass filters 30 and 31, 
modulator driving amplifiers 40 and 41, a laser source 50, and a Mach-Zehnder 
5 interferometer type optical intensity modulator 60. The pulse pattern generator 
generates a 2-level electrical pulse signal. The precoder 20 encodes the 2-level NRZ 
electrical signal. The low pass filters 30 and 31 change 2-level NRZ electrical signals 
to 3 -level electrical signals and reduce the bandwidth of the signals. The modulator 
driving amplifiers 40 and 41 amplify the 3-level electrical signals to output optical 

10 modulator driving signals. The laser source 50 outputs a carrier. 

The 2-level pulse signal generated in the pulse pattern generator 10 is encoded 
in the precoder 20, and the 2-level pulse signal at the node A has an eye diagram as 
shown in FIG 2A. The 2-level binary signals outputted from the precoder 20 are 
inputted to the low pass filters 30 and 31, and each of the low pass filters 30 and 31 has 

15 a bandwidth corresponding to about 1 /4 of the clock frequency of the 2-level b inary 
signals. This excessive restriction to the bandwidth causes interference between codes, 
which thus changes the 2-level binary signal to a 3-level duobinary signal. An output 
eye diagram of the signal at node B is illustrated as shown in FIG. 2B. The 3-level 
duobinary signals are amplified in the modulator driving amplifiers 40 and 41 and are 

20 then utilized as signals for driving the Mach-Zehnder interferometer type optical 
intensity modulator 60. The phase and light intensity of the carrier outputted from the 
laser source 50 are modulated by the driving signal of the Mach-Zehnder interferometer 
type optical intensity modulator 60, so that the modulator 60 outputs a 2-level optical 
duobinary signal modulated from the carrier. FIG 2C shows an eye diagram at node C. 
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In FIG. 1, Q represents an inverter signal of Q . The signals Q and Q are 
inputted to positive and negative electrodes of the Mach-Zehnder interferometer type 
optical intensity modulator 60 which has a dual electrode structure. 

The Mach-Zehnder interferometer type optical intensity modulators as 

5 described above can be classified into two types having a Z-cut structure and an X-cut 
structure. In a Z-cut structured Mach-Zehnder interferometer type optical intensity 
modulator having dual arms, each arm includes an electrical low pass filter 30 or 3 1 and 
a modulator driving amplifier 40 or 41, thereby enabling a 3 -level electric signal to be 
applied to each arm. Although not shown, in an X-cut structured Mach-Zehnder 

10 interferometer type optical intensity modulator having a single arm, the single arm 
includes an electrical low pass filter and a modulator driving amplifier, so that a 3-level 
electric signal can be applied to the single arm. 

FIG. 3 illustrates a structure of a duobinary precoder employed in a 
conventional duobinary optical transmission apparatus. 

15 As shown in FIG. 3, the conventional precoder has a structure including an 

exclusive OR (XOR) gate 11 and a time delay unit 12 for delaying an output signal of 

the XOR gate by 1 data bit. 

However, in the case of a high speed data signal, the XOR gate has time delay 
of at least 1 data bit in itself, thereby causing it difficult to manufacture the conventional 
20 duobinary precoder. Further, in generating the 3-level data signal by the electric low 
pass filter, pseudo random bit sequence (PRBS) has large influence. As there is an 
increase in the length of pseudo random bit sequence, deterioration of transmission 
characteristics becomes greater, thereby causing it to be very difficult to realize the 
system. 
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SUMMARY OF THE INVENTION 

Accordingly, the present invention overcomes the above-mentioned problems 
that are inherent in the prior art. The present invention provides a duobinary optical 

5 transmission apparatus having transmission characteristics that are unaffected by the 
pseudo random bit sequences (PRBS). 

The present invention also provides a duobinary optical transmission 
apparatus which has increased immunity against wavelength dispersion, without using 
an existing feedback-type precoder and an electrical low-pass filter. 

10 In order to accomplish the present invention, there is provided a duobinary 

optical transmission apparatus comprising: a light source for outputting an optical 
carrier; a first modulator driving amplifier unit for receiving, amplifying, and then 
outputting at least one NRZ electrical signal; an optical intensity modulator for 
modulating the intensity of the optical carrier according to a driving signal inputted 

15 from the first modulator driving amplifier unit; a T-flip-flop separating a group of * V in 
odd positions or even positions in the sequence from the NRZ electrical signal; a second 
modulator driving amplifier unit for amplifying and outputting at least one signal 
outputted from the T-flip-flop; and an optical phase modulator for modulating the phase 
of the NRZ optical signal according to at least one driving signal transmitted from the 

20 second modulator driving amplifier unit. 

It is preferred that each of the optical intensity modulator and the optical phase 
modulator comprises a Mach-Zehnder interferometer type optical modulator. 

More preferably, the Mach-Zehnder interferometer type optical modulator may 
be a dual-armed Z-cut Mach-Zehnder interferometer type optical modulator or a single- 
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armed X-cut Mach-Zehnder interferometer type optical modulator. In the case where 
the Mach-Zehnder interferometer type optical modulator is a dual-armed Z-cut Mach- 
Zehnder interferometer type optical modulator, each of the first and second modulator 
driving amplifier units includes a pair of modulator driving amplifiers, each of which 
5 amplifies the NRZ electrical signal inputted to itself. 

Still more preferably, the group of ' 1 ' in odd positions in the sequence and the 
group of * r in even positions in the sequence, which have been separated from the NRZ 
electrical signal, respectively, have a phase difference of V with respect to each other. 

1 0 BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the present invention 
will be more apparent from the following detailed description taken in conjunction with 
the accompanying drawings, in which: 
15 FIG. 1 is a block diagram showing a structure of a conventional duobinary 

optical transmission apparatus; 

FIGs. 2A to 2C are eye diagrams of output signals at nodes A, B, and C in FIG 

i; 

FIG. 3 illustrates an example of the structure of a duobinary precoder employed 
20 in a conventional duobinary optical transmission apparatus; 

FIG. 4 is a block diagram showing a construction of a duobinary optical 
transmission apparatus according to an embodiment of the present invention; 
FIG. 5 illustrates forms of signals at nodes O, P, and T in FIG. 4; 
FIGs. 6A and 6B are eye diagrams of the output signals at nodes O and P in 
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FIG. 4; and 

Fig. 7 is an overview of a method according to the present invention. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

5 

Hereinafter, preferred embodiments of the present invention will be described 
with reference to the accompanying drawings. For the purposes of clarity and 
simplicity, a detailed description of known functions and configurations incorporated 
herein will be omitted as it may obscure the subject matter of the present invention. 

10 FIG. 4 is a block diagram showing a construction of a duobinary optical 

transmission apparatus according to an embodiment of the present invention. 
Although a construction employing a dual armed Z -cut Mach-Zehnder interferometer 
type optical intensity modulator will be described in the present embodiment, it is to 
be understood by persons of ordinary skill in the art that a duobinary optical 

15 transmission apparatus according to the present invention may employ a single armed 
Z-cut Mach-Zehnder interferometer type optical intensity modulator. Further, it can be 
appreciated that each Mach-Zehnder interferometer type optical intensity modulator can 
modulate not only the intensity but also the phase of light, although the description of 
the present invention will be given based on that each section of the apparatus has a 

20 optical intensity modulator or optical phase modulator, for facilitating the understanding 
of the function of the modulator. 

Referring to FIG 4, the duobinary optical transmission apparatus according to 
the present invention includes: a light source LD 50 outputting an optical carrier; an 
NRZ optical signal generating section 100 receiving an NRZ electrical signal, 
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modulating the optical carrier into an NRZ optical signal according to the NRZ 
electrical signal, and outputting the NRZ optical signal; and a duobinary optical signal 
generating section 200 receiving the NRZ electrical signal and modulating the NRZ 
optical signal into a duobinary optical signal. 

5 The light source g enerates a nd outputs the o ptical c arrier. The 1 ight source 

may be realized by a laser diode (LD). 

The NRZ optical signal generating section 100 includes: a pair of first 
modulator driving amplifiers 110 and 111 amplifying and outputting the NRZ electrical 
signal which has been generated by an apparatus such as a pulse pattern generator 

10 (PPG) for generating a 2-level electrical pulse signal; and a Mach-Zehnder 
interferometer type optical intensity modulator 120 modulating the intensity of the 
optical carrier according to driving signals inputted from the first modulator driving 

amplifiers 1 1 0 and 111. 

The duobinary optical signal generating section 200 includes: a T-flip-flop 210 

1 5 separating a group of ' V in odd positions (or even positions) in the sequence from the 
inputted NRZ electrical signal; a pair of second modulator driving amplifiers 220 and 
221 amplifying and outputting the signal outputted from the T-flip-flop 210; and a 
Mach-Zehnder interference type optical phase modulator 230 modulating the phase of 
the NRZ optical signal according to driving signals inputted from the second modulator 

20 driving amplifiers 220 and 22 1 . 

Hereinafter, the operation of the duobinary optical transmission apparatus 
according to the present invention, which has the construction as described above, will 
be described. 

Referring again to FIG 4, an NRZ electrical signal generated in a pulse pattern 
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generator (PPG) is amplified by a pair of first modulator driving amplifiers 110 and 111 
and outputted as driving signals for the modulator 120. According to the modulator 
driving signals inputted to modulation terminals RF of the optical intensity modulator 
120, the optical intensity modulator 120 modulates the light intensity of the carrier 
5 outputted from the laser source 50 and outputs the modulated signal to node O. FIG. 
6A is an eye diagram at node O of FIG 4, which means an eye diagram of the output 
signal of the optical intensity modulator 120, and tells that a general NRZ optical signal 
is generated by and outputted from the optical intensity modulator 120. The NRZ 
optical signal generated in this way is inputted to the Mach-Zehnder interference type 

10 optical phase modulator in the duobinary optical signal generating section. 

Then, the T-flip-flop 210 in the duobinary optical signal generating section 
separates a group of c V in odd positions (or even positions) in the sequence from the 
inputted NRZ electrical signal (NRZ data in FIG. 5) which has been generated in the 
pulse pattern generator. The output of the T-flip-flop 210 is shown as signal T in FIG. 

15 5. The output of the T-flip-flop 210 is amplified by the pair of second modulator 
driving amplifiers 220 and 221 and is then inputted to modulation terminals RF of the 
Mach-Zehnder interference type optical phase modulator 230. According to modulator 
driving signals, which are output signals of the second modulator driving amplifiers 220 
and 221, the Mach-Zehnder interference type optical phase modulator 230 modulates 

20 the phase of the NRZ optical signal inputted from the optical intensity modulator 120 in 
the NRZ optical signal generating section 100 and outputs the phase-modulated signal 
to node P. The phase-modulated signal outputted from the optical phase modulator 
230 has a waveform as shown by signal P in FIG 5. 

That is, the optical phase modulator 230 enables the group of T in odd 
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positions in the sequence and the group of ' T in even positions in the sequence to have 
phases different from each other. FIG 6B is an eye diagram at node P of FIG 4, which 
means an eye diagram of the output signal of the optical phase modulator 230, and 
shows that a duobinary optical signal is generated from the optical phase modulator 230. 

5 Through the process described above, a duobinary optical signal can be 

generated without using an electrical low pass filter. Therefore, not only difficulty in 
manufacturing a duobinary precoder, which is due to time delay of at least 1 data bit of 
a high speed data signal in an exclusive OR gate itself, but also signal distortion during 
the conversion of the 2-level electrical signal to the 3 -level electrical signal can be 

10 minimized. Further, the duobinary optical signal generated a ccording to the present 
invention has immunity against dispersion of an optical fiber, which is determined by 
extinction ratio and chirp of the NRZ signal generated in the optical intensity modulator 
120 in the NRZ optical signal generating section 100. Therefore, optimum extinction 
ratio and chirp are determined in consideration of characteristics of the optical intensity 

15 modulator. 

As described above, the duobinary optical transmission apparatus according to 
the present invention has a characteristic of phase intersection without using an existing 
feedback-type precoder and an electrical low-pass filter, thereby eliminating the 
influence by pseudo random bit sequence. Further, the duobinary optical transmission 
20 apparatus according to the present invention can realize a transmission system having 
increased immunity against dispersion of an optical fiber, and thus can increase 
transmission distance and transmission speed of an optical signal. 

In addition, Fig. 7 shows a overview of a method for duobinary optical 
transmission comprising the steps of: 
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(a) outputting a light source as an optical carrier (step 710); 

(b) receiving an NRZ electrical signal, and modulating the optical carrier from 
the light source into an NRZ optical signal according to said NRZ electrical signal by 
providing a Non-Return to Zero (NRZ) optical signal generating section (step 720); and 

5 (c) receiving said NRZ electrical signal and modulating said NRZ optical 

signal into a duobinary optical signal by a duobinary optical signal generating section 
(Step 730). 

It should be noted that in conjunction with one possible structure shown in Fig. 
4, the NRZ optical signal generating section in step (b) is adapted for receiving the NRZ 

10 electrical signal from a pulse pattern generator without using a precoder for encoding 
and without the NRZ optical signal generator using low pass electrical filters to receive 
the NRZ electrical signal. As previously discussed, the removal of low pass electrical 
filter required in the prior art reduces signal distortion during the conversion of the 2- 
level electrical signal to the 3-level electrical signal to reduce bandwidth, so that a 

15 duobinary optical transmission occurs having transmission characteristics that are not 
affected by a pseudo random bit sequence (PRBS). 

While the invention has been shown and described with reference to certain 
preferred embodiments thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from the 

20 spirit and scope of the invention as defined by the appended claims. 
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